Under the microgravity environment, new and high quality materials with a homogeneous crystal structure are expected to be manufactured by undercooling solidification, since the material manufacturing under the microgravity environment has no effect of gravity. However, the temperature change on the interface of the material in space is expected to affect on the material processing due to the changing of physical property corresponding temperature. The purpose of the present study is to investigate effect of the laser heating on surface deformation of large levitated droplet. A water droplet levitated in the acoustic standing wave is heated by YAG laser. In order to increase the water droplet temperature, rhodamine 6G is solved in it to achieve high absorbance of the laser. Droplet from 2.5 to 5.5 mm in diameter were levitated and heated. The deformation of the droplet interface has been observed by high speed video camera. We used the radiation thermometer for the measurement of the temperature of droplet surface. It is noticed that the heated droplet deforms with its resonance frequencies.
Introduction
Containerless technology has been well recognized as a method for obtaining liquid undercooling. Particularly in microgravity condition, liquid can remain undisturbed condition and deep undercooling is achieved. One of the major recent advances for experiments in containerless processing is acoustic levitation by ultrasound. For carrying out containerless processing under the microgravity condition, the larger droplet is more desirable. However the larger droplet levitates, the more deformation occurs and influences the solidification process remarkably.
There are many previous studies relating to droplet levitation. Many researches on oscillations and rotations of a levitated droplet have been done to investigate the interfacial behavior and to measure the physical properties. Marston (1980 Marston ( , 1981 analyzed the vibration and the static deformation of levitated droplets and bubbles in the fluid with acoustic radiation pressure. Trinh et al. (1982) conducted the experiment of the acoustically levitated silicone oil in the water. They identify the resonance frequency for each mode of the oscillation of silicone oil. Wang et al. (1996) observed the deformation behavior of the rotating levitated droplet in the microgravity environment. Ermoline et al. (2004) heated the ceramic sample of 1-3 mm in diameter by the laser. The sample sphere is heated up to 3,000 K. Position of a heated sample vertically oscillated under the microgravity condition. Xie et al. (2002) conducted the Pb-Sn solidification by using acoustic levitation. The solidified Pb-Sn sample has the ripples on its surface. The crystal structure near the ripples looks like the spreading ripples on a disturbed water surface. It suggests that the oscillation affect the crystal structure.
Although there are many researches on the shape oscillation of acoustically levitated droplet, the effect of the temperature change on the interfacial behavior of droplet is not sufficiently investigated. The purpose of the present study is to investigate the effect of laser heating on nonlinear surface deformation of acoustically levitated droplet from 2.5 to 5.5 mm in diameter. The deformation and oscillation of heated droplet was observed by high speed video camera. Figure 1a shows a schematic diagram of the experimental apparatus. The test section is composed of the horn as a solid speaker and the glass plate as a reflector. A sinusoidal wave signal from the function generator is applied to the ultrasonic transducer to emit the ultrasonic wave into the test section. Ultrasonic wave is reflected at the upper glass plate, and standing wave is formed in the test section. The resonance frequency of the transducer is 19.2 kHz. The distance between the horn and the reflector is 47.5 mm. The sound pressure level at antinode was set at 160-165 dB. The sound pressure amplitude was measured by the probe microphone (type 4182 produced by Brüel and Kjaer). Acoustic pressure level in units of decibels, a logarithmic relative measure with a defined reference pressure P ref = 20 μPa. The sound pressure level is thus:
Experimental Apparatus and Procedure
where P was the measured sound pressure. A water droplet is injected at a pressure node by a syringe. The droplet is levitated due to balance between the acoustic radiation force and the gravitational force. The droplet is heated by YAG laser (Excel Laser produced by Laser Quantum Ltd.) with wave length of 532 nm. The maximum power of the laser is 1.58 W. In order to achieve high absorbance of the laser beam in the droplet, 150 mg/L of rhodamine 6G was solved in the water. Physical properties such as density, viscosity, and surface tension of the droplet are assumed the Table 1 . When the droplet absorbs the laser light, it emits fluorescence light with a wave length of 550 nm. The interfacial behavior of levitated droplet is recorded by high speed video camera (FASTCAM-Max produced by Photron Ltd.). In order to obtain meaningful experimental data, the record speed was set at 1,000 fps. The scattering light of the laser was cut by an optical filter. The surface temperature of the droplet has been measured by the infrared thermometer (Temperature HiTester 3445 produced by Hioki E. E. Corporation). The measurement spot of the thermometer is 2.5 mm. The spot is perpendicular to the laser beam on the droplet as shown in Fig. 1b . 
